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During a study of bovine mastitis in groups of Holstein, Guernsey, and Browr~ 
Swiss dairy cows in April, 1946, three animals were observed whose milk had a 
bloody or  thickened yellowish appearance.  The incidence of  this  condition 
increased markedly in May and occasional cases have continued to occur.  The 
affected cows showed fever and rarely hemoglobinuria; a  few showed inappe- 
tence and a lowered milk yield. 
The clinical manifestations and  incidence  indicated an  infectious disease, 
and since bacteriological examinations of the milk revealed a  mixed bacterial 
flora of no apparent etiological significance, attempts were made to transmit an 
infectious agent to laboratory animals. 
Transmission Studies in Laboratory Animals 
Guinea Pigs.--A  stock of apparently healthy guinea pigs was moved into a 
constant temperature room which was maintained at 70°F. with 60 per cent 
humidity.  Normal animals kept under these conditions never showed rectal 
temperatures  exceeding 40°C.  and  readings  above  this  were  interpreted  as 
fever.  Groups of 2 or 3 guinea pigs weighing 250 to 350 gm. were each inocu- 
lated intraperitoneally with 1 to 5 cc. of freshly drawn abnormal milk.  There- 
after rectal temperatures were taken twice daily on all animals and daily weigh- 
ings made on selected groups.  Defibrinated blood, obtained by heart puncture 
from guinea pigs showing fever, was inoculated into additional guinea pigs, as 
had been done for the original passage, with the exception that the size of ani- 
mals varied from 150 to 600 gm. 
A  pathogenic agent was recovered from each of 5  specimens of abnormal 
milk, 3 of which were taken at the height of the outbreak (C161 on May 27, 
1945, C162 on June 19, 1946, and  C154 on June 19, 1946), another at the end 
of the outbreak (C168 on August 6, 1946), and the last from a single sporadic 
case approximately 3 months later (C181 on December 3, 1946).  This agent 
when inoculated into guinea pigs and in animals of all sizes regularly produced 
febrile reactions which began 3 to 5 days after inoculation and lasted 2 to 4 days 
* Presented in abstract form before the 28th Conference  of Research Workers in Animal 
Diseases in North  America, Chicago, Illinois, December 2, 1947. 
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(Text-fig.  1).  These effects were observed consistently for 3 strains  carried 
through 5 serial passages, for another through 25 passages, and for still another 
through more than 50 continuous transfers.  No additional signs of infection 
were noted,  with  the  exception of a  slight  loss of weight during  the febrile 
period which never exceeded 10 per cent of the total body weight.  Five guinea 
pigs recovered from infection with each strain were given second inoculations 
with the homologous strain, and all of these animals proved immune.  Similar 
groups of 5 guinea pigs each were then inoculated with different strains in com- 
plete reciprocal  immunity  tests.  Each  strain  immunized  against  all of the 
others. 
Guinea pigs killed during  the febrile period showed on autopsy scattered 
petechial hemorrhages in the lungs and minute white spots in the liver.  His- 
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topathological examination of the lungs revealed alveoli filled with extravasated 
blood (Fig.  1).  Liver lesions represented areas of liver cell necrosis midzonally 
located (Fig. 2); while sections of adrenals, spleen, heart, and kidneys showed no 
evidence of infection.  Other guinea pigs killed after recovery showed essen- 
tially negative autopsy findings, with pigmented areas in the lungs as the only 
evidence of previous lesions. 
Two uninoculated guinea pigs were placed in the same cage with 2 others 
each of which had been given intraperitoneally 1 cc. of defibrinated blood from 
infected guinea pigs.  The  two inoculated animals  were allowed to develop 
illness  and to recover before their removal from the cage.  The contact ani- 
mals after an observation period of 14 to 21 days failed to show signs of illness. 
They were then given the usual inoculation in a test for immunity.  None were 
immune,  This experiment was repeated 4 times with consistent results, which 
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Results obtained thus far indicated that an infectious agent had been secured 
in guinea pigs.  Inoculation with this agent regularly caused definite signs of 
illness and lesions in the animals, regardless of size,  and the disease did not 
spread by cage contact.  Also, the infection resulted in complete immunity. 
A test for the agent therefore consisted of an initial intraperitoneal inoculation 
of guinea pigs and an observation period of 14 days, followed by a  challenge 
inoculation with an established strain.  This test was used in all of the work 
that follows. 
Eggs.--In attempts to transfer the agent to 8, 9, or 10 day embryonated eggs 
inoculations were made on each chorioallantoic membrane with 0.1 cc. of blood 
from infected guinea pigs.  Serial transfer was conducted by inoculating as for 
original passage with either a  10 per cent suspension of chorioallantoic mem- 
brane in saline or chorioallantoic fluid.  In all, 3 strains were tested in this 
manner.  After 10 serial passages tests with each strain showed that the agent 
was present in 10 per cent suspensions of chorioallantoic membrane in saline, 
in 10 per cent embryo suspension in saline, and in chorioallantoic fluid.  Serial 
transfers were continued with one strain through 50 passages and subsequently 
chorioallantoic fluid was inoculated into guinea pigs and calves.  Typical signs 
and lesions were produced.  As an additional test guinea pigs recovered from 
infection produced with this egg passage material were inoculated with the 
agent that had been maintained for more than 50 continuous transfers in guinea 
pigs.  These  animals proved  immune.  Inoculated eggs showed no  definite 
signs of infection in early passages (1st to 10th) but thereafter most embryos 
died 7 days after inoculation, although they appeared to develop normally for 
5 days. 
Mice.--Each of a group of 5 mice was inoculated intraperitoneally with 1 cc. 
of infected chorioallantoic fluid that had been transferred serially for 8 passages. 
Five days after inoculation the mice were autopsied.  A 10 per cent suspension 
of pooled spleens was prepared and inoculated into another group as described 
above.  The presence of the agent could be demonstrated after 5 serial pas- 
sages in mice although all mice remained apparently normal and no lesions were 
found on autopsy. 
Rabbits.--Each of 2 rabbits was inoculated with 1 cc. of infected chorioallan- 
toic fluid that had been serially transferred for 8  passages.  Five days after 
inoculation 5 cc.  of blood was removed by heart puncture  from each rabbit, 
pooled, and 2 other rabbits were inoculated with it as described above.  After 
5 serial passages tests showed the agent present in the blood of the inoculated 
rabbits.  Temperature reactions similar to those obtained in guinea pigs were 
shown by all inoculated rabbits in each passage.  Autopsies made during the 
febrile period on one rabbit from each series disclosed no gross lesions. 
Miscellaneous Animals.--Inoculations were made subcutaneously with 1 cc. 
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old) and into 1 pig weighing 30 pounds.  None of these animals showed in- 
creased temperature or other signs of illness.  Each of a group of 6 hamsters 
was inoculated intraperitoneally with 1 cc. of defibrinated blood from infected 
guinea pigs; the strain used had been serially transferred through 89 passages. 
Of this group 3 died 9 to 12 days after inoculation.  Autopsies showed hemor- 
rhages in the lungs.  The remaining hamsters showed pale shrunken kidneys 
when killed  25  days  after inoculation.  Similar  results were obtained  from 
another group of hamsters inoculated in the same manner with material that 
had been serially transferred through 12 passages.  Tests for the infective agent 
were not made on any of these animals. 
Nature of the Etiological Agent 
Properties.--The greatest concentration of the agent was found in the chorio- 
aUantoic fluid from infected eggs 5 to 7 days after inoculation and this never 
exceeded 10,000 infective doses per cc. for guinea pigs.  Using material of this 
sort, tests showed that the agent did not survive lyophilizafion and that freez- 
ing with dry ice caused at least a thousandfold loss in activity, while continued 
storage for 6 months under dry ice refrigeration resulted in complete loss of 
activity.  Centrifugation at a speed of 24,000 R.P.~. did not remove the infec- 
tive agent from the supernatant fraction of the chorioallantoic fluid from in- 
fected eggs.  In 2 separate tests of this latter,  the agent was found to pass 
through Berkefeld N  filters. 
All attempts failed to demonstrate a  cultivable agent in defibrinated blood 
from  infected  guinea  pigs,  or  in  chorioallantoic  fluid  from  infected  eggs, 
by inoculation of blood agar slant and sealed cooked meat medium incubated at 
37°C.  Additional cultures made of chorioallantoic fluid from infected eggs in 
Fletcher's medium showed no  growth  when incubated at room temperature 
(approximately 22°C.).  Films of defibrillated blood from infected guinea pigs 
and chorioallantoic fluid from infected eggs stained by methylene blue, Gram's 
method, Giemsa's method or Macchlavello's method showed no visible forms. 
Demonstration of Spirochetes.--Preparafions  of blood and kidneys from in- 
fected guinea pigs infective for other animals showed no organisms upon dark- 
field examination ()< 160).  We are indebted to Dr. J. B. Nelson for staining 
the  preparations  of  chorioallantoic fluid  from  infected  eggs  by  Morosow's 
method, thus permitting the first demonstration of spirochetes.  Later dark- 
field examinations of chorioallantoic fluid from some infected eggs showed in 
each field 3 to 5 spiral-shaped organisms that rotated rapidly on the long axis. 
In general, organisms were more readily found in eggs 5 days after inoculation 
and before death of embryos than 7 days after inoculation or following death of 
the embryos.  A few forms were found also in blood from calves inoculated 
with chorioallantoic fluid from infected eggs.  Examination of the urine from 
these calves showed no organisms although it was capable of infecting guinea 
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Sections of kidneys from 5 calves inoculated with either chorioallantoic fluid 
from infected eggs or defibrinated blood from infected guinea pigs were stained 
by Levaditi's method but showed no organisms.  Fills of blood and kidneys 
from infected guinea pigs stained by Morosow's method showed no organisms. 
Preparation of  chorioallantoic  fluid from infected eggs or  cultures similarly 
treated showed a few spiral-shaped forms (Fig. 3). 
Chorioallantoic  fluid from infected eggs, blood  from infected guinea  pigs, 
blood  from infected rabbits, blood from experimentally infected calves,  and 
urine from experimentally infected calves after centrifugation at 10,000 R.P.x~. 
for an hour were inoculated into tubes of semisolid meat infusion agar that con- 
rained either 10 per cent rabbit, calf, or horse serum.  These cultures then were 
placed at 37°C., 30°C., or room temperature (approximately 22°C.).  Darkfield 
examinations made 3 days later showed a few spiral-shaped  organisms in the 
tubes incubated at 37°C.  After 2 weeks, examination of tubes placed at 37°C. 
revealed a diffuse growth in the top portion of the medium.  Growth occurred 
also at 30°C. although it was more slow and required a month for similar de- 
velopment.  No visible growth occurred at room temperature. 
The spiral-shaped  organisms  growing in culture were  examined with the 
electron microscope.  Measurements showed a diameter of 90 millimicrons and 
a length, commonly of 4 microns  (Fig. 4), but varying from 4 to 16 microns 
according to the number and depth of spirals.  No internal structure was re- 
vealed. 
Cultures of suspensions of organisms heated at 50°C. for 10 minutes showed no 
growth while those heated at 45°C. for 10 minutes grew.  In 2 attempts, growth 
was obtained from Berkefeld N filtrates of a suspension of organisms.  A sus- 
pension of previously motile organisms showed no activity after freezing with 
dry ice.  Five guinea pigs which had been inoculated with 1 cc. of cultured or- 
ganisms transferred 5 times in media were reinfected 14 days later with 1 cc. 
of chorioallantoic  fluid from infected eggs.  All were  immune.  Similarly 5 
guinea pigs that had recovered from an infection produced with the agent main- 
tained in eggs were immune when tested with cultured organisms. 
Since the spirochete  recovered  in culture possesses physical and immuno- 
logical properties similar to the infective agent, it appears legitimate to assume 
that it came from the sick cows originally studied. 
The Ezperimental Disease in Ca~tl¢ 
Production.--Many  of the cattle used came from an experimental herd main- 
tained by this department.  Repeated observations  on these animals showed 
no evidence of this or any other infection.  Some animals were purchased lo- 
caUy and observed for at least a week before use.  In all, 5 lactating cows and 
18 calves of Brown Swiss, Guernsey, Jersey, and mixed breeds were used. 
Three of the cows were in their first milking period while the other 2 had had 
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experiments were conducted upon single animals kept in strict isolation unless 
contact experiments were planned.  Daily temperatures were taken for a week 
before inoculation  in order to obtain an indication of  each  animal's  normal 
range. 
Various methods were used in attempts to produce the experimental disease: 
(a) subcutaneous injection of 1 cc. of defibrinated blood from infected guinea 
pigs (1  to 40 passages),  (b)  subcutaneous injection of 1 cc. of chorioallantoic 
fluid from infected eggs (5 to 50 passages), (c) subcutaneous injection of  1 cc. 
TABLE I 
Pr~t~  of 1Xseaz, in Cows and Caius 
Method of 
inoculation 
Subcutaneous 
Intranmal 
Fed 
Contact 
imoculum 
Blood from infected guinea pigs 
Chorioallantoic fluid from infected 
eggs 
Culture of spirochete 
Chorioallantoic fluid from infected 
eggs 
Chorioallantoic fluid from infected 
eggs 
No. of animals 
inoculated" 
f2 cows 
3 calves 
.  H  cow 
~4 calves 
5 calves 
5 calves 
2 calves 
/3 cows 
2 calves 
Results 
NO. Of 
No. of  animals 
animals  showin~ 
infectiont  signs ot  illness 
2  5  3 
1  5 
4 
5  5 
5  3 
0  0 
2 
0  1 
* Four animals counted twice. 
:~ Infection based on signs of illness, recovery of infective agent, and/or immunity to sub- 
sequent injection subcutaneously. 
of semisolid culture medium that contained spirochetes serially transferred for 
1, 2, 5, 6, or 7 passages, (d) intranasal injection of 10 cc. of chorioalla'ntoic fluid 
from the 6th to 16th serial passage in eggs, and (e) feeding of 25 cc. of chorio- 
allantoic fluid from the 10th to 40th serial passage in eggs mixed with 1 liter of 
milk.  Infectivity  of  all  inocula  was  checked  by  inoculating  1  cc.  intra- 
peritoneally into  a  guinea pig.  Contact experiments were made by placing 
normal animals in pen contact with infected ones.  All animals were checked 
daily for increased  temperature or other signs of illness.  Animals which re- 
mained apparently normal were given a second inoculation subcutaneously with 
material from either infected guinea pigs or eggs.  These results are summarized 
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As can be seen in Table I, all 15 animals inoculated subcutaneously showed 
signs of illness.  Three of 5 calves showed signs of illness following intranasal 
inoculation.  The other 2 showed no signs of illness but were immune to a 
second inoculation given subcutaneously.  Likewise 3  of 5  contact animals 
showed no signs of illness following exposure but subsequently were immune to 
subcutaneous inoculation, indicating that in these instances inapparent infec- 
tion must have occurred.  The infection was not transmitted in 2 contact and 
in 2 feeding experiments. 
Features  of t~  Illness.--Two  lactating  cows  inoculated  subcutaneously 
showed fever after an incubation period of 7 to 9 days.  The findings in one of 
these animals are given in Text-fig. 2.  Although these cows under experimental 
"¢.~-  Signs  of illness  shown by a  lactating  cow inoculated  subculaneously 
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TEx-r-Fm. 2. 
conditions had low milk yields, the amount of milk was decreased further during 
the febrile period to approximately one-half that obtained before inoculation. 
In addition the milk became thickened, yellow in color, and contained flakes 
that represented collections of leucocytes.  Blood as observed in natural cases 
could not be seen in any of the milk samples but in other respects the samples 
resembled those obtained from naturally infected cows.  In contact experi- 
ments 2 cows placed with infected suckling calves showed no signs of illness or 
alterations  in  the  milk  although  one  animal  later  proved  to  be  immune. 
Another cow placed in contact with naturally infected animals also showed no 
signs of illness or alterations in the milk but developed immunity. 
Among 18 calves infected by subcutaneous or intranasal inoculation or by 
contact, 3 showed no signs of illness, 12 developed fever only, while 3 showed a 
febrile reaction and later died.  Except for those with inapparent infections, a 
marked increase in temperature occurred 2  to  7  days after inoculation and 
lasted from I to 3 days.  During the febrile period a slight anorexia was noted. 
All animals appeared normal following termination of fever except those that 302  LEPTOSPIROSIS  IN  CATTLE 
later died.  These animals became rapidly and progressively worse, showed a 
subnormal temperature, and died within 1 to 2 days.  A hemoglobinuria  sig- 
naled the approach of death. 
For additional studies,  specimens of blood from 5 animals were examined 
for total red cells and leucocytes before, during, and after illness.  At the same 
time urine was collected and tests were made for albumin and microscopic ex- 
amination of centrifuged sediment.  These  results are  shown  graphically in 
Text-fig. 3 for a calf and are typical of those studied.  All calves showed a mild 
leucopenia during the febrile period.  On the day that the temperature became 
normal, the urine showed albumin and large numbers of leucocytes which were 
found in the centrifuged sediment. 
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TEXT-FIG. 3.  Features of illness shown by calf C188 inoculated intranasally with chorio- 
allantoic fluid from infected eggs. 
Pathology.--At the end of fever 7 calves were examined: 3 that died from the 
infection and 4 that were killed.  All organs seemed normal except the kidneys 
which  appeared  congested.  Perirenal  edema  was  noted  in  2  calves.  In 
addition the kidneys of 4 calves showed small white spots diffusely scattered 
over the surface.  These  spots,  frequently irregular  in outline, were approxi- 
mately 1 ram. in diameter and appeared continuous with the nm~nal surface. 
Section showed these spots extending either as wedges or as plugs into the cor- 
tical layer.  The medullary portion appeared normal.  The bladder and its 
contents were not  unusual except  in the animals that died.  Collections of 
reddish colored urine were noted.  One lactating cow and 6 calves that showed 
signs of illness were held for 14 days, given a second inoculation, and then killed 
after a further observation period of 14 days.  Autopsies showed lesions in the 
kidneys similar to those seen in the early stages of the disease.  Two calves 
that showed signs of illness were held 60 days after inoculation, then killed and JAMES  A.  BAKER  AND  RALPH  B.  LITTLE  303 
examined.  White spots were found in the kidneys of one animal while the 
other showed no lesions. 
A group of one lactating cow and 3 calves that showed no signs of illness was 
killed 14 days after a second inoculation.  Autopsies showed no lesions. 
A similarity of lesions in the kidneys among cows and calves in all stages of 
infection was found on histological  examination.  Widespread  but focal in- 
volvement of the cortex and corticomedullary junction (Fig. 5) was noted and 
consisted of irregularly shaped patches of infiltrating cells predominantly  mono- 
nuclear but mixed with varying numbers of eosinophilic polymorphonuclears 
(Fig. 6).  Most tubules were destroyed in these patches.  Tubules in the af- 
fected areas and at some distance away frequently contained masses of ceils 
identical with those forming the infiltrates.  Near the patches of cellular in- 
filtrates mononuclear  cells were seen between  tubules in areas normally occu- 
pied by peritubular  capillaries.  Glomeruli in general  appeared  normal with 
patent vascular coils, but there was some evidence of capillary damage indi- 
cated by deeply staining eosinophiUc nuclei and leakage of protein into cap- 
sular  spaces.  Tubules  throughout the cortex were  generally well preserved 
except in areas of cellular  infiltration.  Tubular lumina, however,  contained 
in many cases protein precipitates.  Here and there proximal tubules showed 
smaller cells without nuclei and with a finely  vacuolated cytoplasm.  The distal 
and  intermediate tubules  seemed  less  affected.  There  were  no  significant 
changes in collecting tubules. 
Presence and Persistence of Spirochetes in Inoculated Animals.--Three  cows 
were inoculated subcutaneously, 2 with blood from infected guinea pigs and the 
other with chorioallantoic fluid from infected eggs.  Tests made at the time of 
inoculation and during the subsequent febrile period showed the presence of the 
agent in both blood and milk during the febrile period in one of the cows that 
had been inoculated with blood from infected guinea pigs.  The agent was not 
recovered in either blood or milk from the other 2 cows.  In similar tests made 
on blood, milk~ and urine from a naturally infected cow during the acute phase 
of illness, the agent was recovered from milk samples only. 
Tests made on all calves during the febrile period showed the agent in blood. 
From 2 calves, one inoculated subcutaneously with 1 ce. of defibrinated blood 
from an infected guinea pig and the other inoculated intranasally with 10 cc. 
allantoic fluid from infected eggs, tests for the agent were made daily on blood 
and urine from the time of inoculation through the febrile period and at 2 week 
intervals thereafter.  These results, presented graphically in Text-fig. 3 for one 
calf, showed the agent present in the blood 1 day before the onset of fever and 
during the febrile period.  On the day the temperature became normal, the 
blood no longer contained the infective agent which, however, persisted for 53 
days in the urine.  The other calf responded in a similar fashion.  Additional 
studies on 3 calves during the incubation period,  the febrile period, and a few 304  LEPTOSPIROSIS  IN  CATTLE 
days thereafter showed similar results in the shift of the infective agent from 
the blood and its subsequent appearance  in the urine. 
immunity Phenomena.--Tests for acquired immunity were made 14 to 21 
days after subcutaneous or intranasal inoculations  of 10 animals with blood 
from infected guinea pigs  or chorioallantoic  fluid from infected eggs.  Each 
animal was reinfected subcutaneously with 1 cc. of either blood from infected 
guinea pigs or chorioallantoic fluid from infected eggs.  The infectivity of the 
inocula was checked by simultaneous inoculation of guinea pigs with 1 cc. in- 
traperitoneally.  In all instances recovered animals showed no signs of illness 
after test inoculations, indicating immunity. 
Inactivation of the spirochete  was tested by intraperitoneal inoculation of 
guinea pigs with 2 cc. of a mixture of equal parts of sera of cows recovered from 
natural and experimental infection or calves recovered from experimental  in- 
fection and semisolid culture medium that contained organisms.  Both acute 
phase and preinoculation sera were tested.  Sera from recovered animals com- 
pletely inactivated the spirochetes whereas sera from animals during the acute 
phase of illness or before inoculation did not.  In addition to animal tests, the 
effect of sera on suspensions of spirochetes was also observed  under darkfield 
conditions.  Preinoculation sera from experimental animals or acute phase sera 
from naturally infected animals had no observable effect on the spirochete when 
mixtures containing fresh guinea pig serum (complement) were observed after 
incubation at 37°C. for 2 hours.  In similar tests sera from animals recovered 
either from natural infection or from experimental disease caused disappearance 
of the spirochetes presumably by lysis. 
DISCUSSION 
In a preliminary report a natural outbreak of an infectious disease of dairy 
cattle was attributed to a virus (1).  An agent had been recovered which re- 
produced the disease and which resembled in several respects  the Fort Bragg 
fever virus in humans reported by Tatlock (2) and the third virus of swine re- 
ported from Korea by Ochi and Miyairi (3).  Most striking were the similar- 
ity of the experimental infection in laboratory animals and the loss of virulence 
of the agent lyophilized or stored at -50°C.  On the other hand, some of the 
obvious signs and pathological features, bloody milk and nephritis in particular, 
resembled the leptospiral infections in cattle reported by Michin and Azinow (4) 
in Russia; Semskow (5) in Russia; Terskikh (6) in Russia; Bernkopf,  Olitzki, 
and Stuczynski (7)  in Palestine; Ungar and Bernkopf (8) in Palestine; and 
Freund (9) in Palestine.  All these workers not only demonstrated the presence 
of leptospira in stained tissue sections of the liver and kidneys of affected ani- 
mals but also showed by pure cultures and serological and animal inoculation 
studies that the leptospira  was the etiological agent.  On  the other hand, in 
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tana, Johnson (12) in Australia, and Mathews (13) in Texas, the diagnosis was 
made after autopsy by staining tissue sections of diseased cattle to identify the 
leptospira.  Certain clinical types of these leptospiral infections appeared iden- 
tical with the natural disease observed  in this outbreak but differed in most 
cases.  Most significant was the fact that no abortion or icterus occurred  and 
hemoglobinuria  was rare  although these features as weU as the presence  of 
leptospira in the kidney were reported by other workers.  Since in our prelim- 
inary studies we were  unable to  demonstrate leptospira  microscopically  in 
kidney sections or  culturally by the usual means of cultivation in Fletcher's 
medium at room temperature and since  there were  additional differences as 
well, further search was made for the etiological agent. 
It was shown that the agent is a spirochete  readily transmissible  to guinea 
pigs, rabbits, embryonated eggs, mice, lactating cows, and young calves.  Ex- 
perimentally pcoduced infection in the natural host resulted in a variation of 
obvious findings that ranged from a few cases of inapparent infection with nor- 
real urine through the usual condition of fever with albuminuria to occasional 
hemoglobinuria  and death.  These manifestations may explain  the observa- 
tions in the original outbreak of instances of hemoglobinuria  and also the oc- 
casional animal in contact with natural cases that developed immunity  without 
evidence of disease.  The spirochete is not confined to the mammary gland but 
causes a  generalized infection with subsequent localization in the kidney.  In 
this organ the lesions and the infectious agent persisted for nearly 2 months, 
long after the latter had disappeared  from the blood and after immunity had 
become established. 
The following facts have a bearing on the spread of this disease.  There is 
strong reason  to believe that some animals undergo  a  form of natural nasal 
inoculation.  Urine that contains the spirochete may be excreted from a stand- 
ing animal onto a concrete barn floor, thereby causing a spray of droplets some 
of which in turn could be inhaled by nearby animals.  This mode of infection 
might explain how a  single animal could initiate the disease in a  susceptible 
herd.  This could have occurred  in the outbreak herein reported, since  the 
usual method of herd replacement was followed by constantly bringing in large 
numbers of animals from various regions of the United States. 
The leptospiras  from cattle found in Russia,  Palestine, and Australia have 
been reported to cause disease in man.  This has not been shown for the spiro- 
chete studied in the present paper but, since this organism is present in milk, 
infection might occur through ingestion, although experimental  calves did not 
become infected by this route. 
The agent was present in the blood during early stages  and infection was 
produced by inoculation subcutaneously.  Insect vectors therefore must be 
considered as a possible epidemiological factor and a search should be made for 
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The organism that we have isolated stains with difficulty, is aerobic, shows a 
typical motility, often has hooked ends and therefore appears to be a leptospira 
(Bergey, 14).  The disease it produces differs from other spirochetal diseases 
of cattle in that an abnormal milk is the dominant finding.  Jaundice has not 
been seen and hemoglobinuria is very infrequent.  As in most other spirochetal 
diseases lesions in the kidneys are found.  The spirochetes were demonstrated 
with difficulty.  Serological and other comparisons will have to be made before 
it can be determined whether this form has been described before.  We would 
like to emphasize that these spirochetal infections are not easy to differentiate 
from virus diseases. 
SUM~AR¥ 
From abnormal milk of cows an agent has been transmitted to guinea pigs, 
rabbits, mice, and embryonated eggs.  This agent caused a febrile reaction in 
guinea pigs and rabbits and an inapparent infection in mice.  In early passages 
embryonated eggs were unaffected but later death of embryos occurred 7 days 
after inoculation.  When blood from infected guinea pigs or chorioaUantoic 
fluid from infected eggs was inoculated subcutaneously or intranasally into 
young calves, fever with albuminuria and more rarely hemoglobinuria was pro- 
duced, in lactating cows the infection resembled that seen in animals with nat- 
ural disease.  Pen contact of normal cows and calves with infected calves re- 
sulted in inapparent infection.  Autopsies showed that in addition to causing 
altered milk secretion, the agent damaged the kidneys and produced an inter- 
stitial nephritis.  The agent was recovered from blood and milk during the 
febrile period and was demonstrated in the urine for periods long afterwards. 
Antibodies for the spirochete were found in the sera of experimental animals 
and of cows recovered from the natural disease. 
The blood of infected guinea pigs, the chorioallantoic fluid from infected eggs, 
and the blood or urine from experimentally infected calves yielded a culture of 
a spirochete which appeared identical with the infective agent in comparative 
tests of physical, pathogenic, and immunological properties. 
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EXPLANATION  OF PLATES 
PLATE 10 
Photographs by Mr. J. A. Carlile. 
FIG. 1. Lung from infected guinea pig showing hemorrhage into alveoli.  Stained 
with polychrome methylene blue.  ×  112. 
FIG. 2. Liver from infected guinea pigs.  Note area of necrosis.  Stained with 
polychrome methylene blue.  ×  112. THE JOURNAL  OF  EXPERIMENTAL MEDICINE  VOL. 88  PLATE 10 
(Baker and Little: Leptospirosis in cattle) PLATE 11 
Fro. 3.  Preparation  of  spirochetes from  culture  stained  by  Morosow's  method. 
X 2267. 
Fro. 4.  Electron microphotograph of spirochete that shows usual unit  of size 90 
m# in diameter and 4 m# long.  X  23,200. THE JOURNAL OF EXPERIMENTAL MEDICINE  VOL. 88  PLATE 11 
(Baker and Little:  Leptospirosis in cattle) PLAWE 12 
Frc. 5.  Kidney from infected calf killed 28 days after inoculation.  Stained with 
polychrome methylene blue.  X 112. 
FIG. 6.  Kidney from infected calf.  Note cellular infiltration  and tubular damage. 
Glomerulus appears normal.  Stained with polychrome methylene blue.  X 688. TIlE JOURNAL OF EXPERIMENTAL MEDICINE  VOL. 88  eLATE 12 
(Baker and Little:  Leptospirosis in cattle) 